Objective: To assess practices of obstetrician-gynecologists regarding carrier screening for cystic fibrosis (CF).
Screening for birth defects and certain genetic diseases has become a part of obstetric care. Maternal serum screening is broadly offered to assess the risks of neural tube defects and Down syndrome, and carrier screening for specific genetic diseases is offered to patients who are members of a high-risk ethnic group, e.g., Tay Sachs and Canavan disease in Eastern European Jewish population. Advances in genetics have resulted in the availability of carrier screening for many more genetic diseases and for predisposition to later onset diseases. Cystic fibrosis (CF) is the most common life-limiting autosomal recessive disease in Caucasians. Guidelines for carrier screening for CF in the preconception and prenatal care setting were developed by the American College of Medical Genetics, the American College of Obstetricians and Gynecologists, and NIH in response to a Consensus Development Panel report indicating that CF carrier screening should be offered to the following: couples with a family history of CF; couples in which one partner has CF; and couples planning a pregnancy, or seeking prenatal testing. 1 A multidisciplinary process was used to develop both clinical and laboratory guidelines for implementation. These were published and mailed to all ACOG members in October 2001. 2 As the process for development and implementation of the guidelines might be used as a prototype for future recommendations and guidelines regarding genetic screening, it is important to evaluate the experience with CF screening not only in terms of the technical and laboratory aspects but also the implementation in clinical practice.
Although options to reduce or avoid the risk of having a child with CF are greater when screening is provided before conception, it has been observed that patient interest in CF screening is low before conception. 3 Furthermore, relatively few patients seek preconception consultation and a large portion of pregnancies in the United States are unplanned or unintended. 4 In contrast, studies have demonstrated greater uptake of screening during early pregnancy and successful implementation of screening. [5] [6] [7] Reported increases in CF carrier screening test requests after publication of the guidelines provide only a very indirect measure of the implementation. The frequency of CF screening is dependent upon the frequency with which obstetrician-gynecologists and other health care providers offer this test to patients. In addition, the frequency of CF screening is dependent upon the frequency of preconception evaluation, gestational age at first prenatal visit and patient acceptance of the screening. There is little information regarding the extent to which obstetrician-gynecolo-gists have incorporated offering CF carrier screening tests into preconception or prenatal care. Furthermore there is little information regarding physician concerns about offering this screening test.
This survey was undertaken to increase our understanding of when, how, and in what populations obstetrician-gynecologists are implementing the published guidelines for CF carrier screening and to learn the physicians' opinions and practices regarding CF screening.
MATERIALS AND METHODS
Prevalidated and IRB-approved questionnaires were mailed in September 2003 to 1165 American College of Obstetricians and Gynecologists (ACOG) Fellows and Junior Fellows in Practice. Of these subjects, 565 were members of the Collaborative Ambulatory Research Network (CARN). Members of CARN are practicing obstetrician-gynecologists, both Fellows and Junior Fellows in Practice, who have volunteered to participate in survey studies on a regular basis. Volunteers are recruited through the use of an introductory letter periodically sent to a computer-generated random sample of ACOG members. CARN was established to facilitate assessment of clinical practice patterns and aid the development of educational materials. The remaining 600 subjects consisted of a computergenerated random sample of ACOG Fellows and Junior Fellows in Practice who are practicing obstetrics and/or gynecology and had not received a survey from ACOG during the previous two years (Non-CARN). All nonrespondents received a second mailing of the questionnaire five weeks after the first mailing. A final reminder mailing was sent approximately six weeks later. Questionnaires returned by January 9, 2004 were included in the survey. This protocol has typically resulted in a total sample size of Ͼ 450, which is sufficient to detect differences between groups of Ͻ 0.5 standard deviation with power of 80% and significance at the 0.05 level. 8 The survey recorded demographic details of physicians and their patient population, as well as professional concerns and practices regarding CF screening in pregnant and nonpregnant patients. Questions assessing basic knowledge of CF, as well as professional training and experience regarding CF and screening were also asked and will be addressed elsewhere. The majority of questions were of a multiple-choice format, and a multipart question asked physicians to rate their level of concern with several statements regarding CF screening.
The data were analyzed using a personal computer-based software package (SPSS 12.0, SPSS Inc., Chicago, IL). Descriptive statistics were computed for the measures used in the analyses, which are reported as mean Ϯ SEM. Student's t test' was used to compare group means of age. Group differences of continuous measures were assessed using univariate analysis of variance with gender and residency-bins as fixed factors. Differences on categorical measures were assessed using 2 . Group differences on ordinal measures were assessed using the MannWhitney U test. All analyses were tested for significance using an alpha of 0.05.
RESULTS
A total of 753 questionnaires were returned. Data from 22 respondents were judged invalid (physician retired, returned to sender), resulting in a valid response rate of 64% (731/1143): 419 from CARN members (75% response rate) and 312 from Non-CARN (53.4% response rate). Of these valid returns, 432 (59.1%) were from men and 299 (40.9%) were from women. Male respondents were significantly older than female respondents [50.24 Ϯ 0.48 versus 43.51 Ϯ 0.51; t(729) ϭ 9.45; P Ͻ 0.001]. Age and sex ratio closely matched the characteristics of the larger population to whom the survey was sent. There were responding physicians from every state of the United States, as well as the District of Columbia, Puerto Rico, Canada, and overseas military installations.
The remaining analyses will be limited to the 86.46% (632) of respondents who indicated that their primary medical specialty was gynecology or general obstetrics and gynecology. Both groups of physicians include nonpregnant patients of reproductive age in their practice, but ObGyns also see pregnant patients and Gyn Onlys do not (where both subject groups are combined, we typically refer to them as physicians). This subject selection was done in order to best assess the practices of nonsubspecialist obstetricians and gynecologists. Of these physicians, 13.5% (n ϭ 85) were Gyn Onlys, and 86.6% (n ϭ 
Family history
Physicians were asked several questions about the inclusion of questions regarding genetic diseases, and specifically about CF, when taking a medical history of patients with reproductive potential who are not currently pregnant. Slightly less than one-half (48%) of all the physicians routinely include questions to assess family and genetic history when taking a patient's medical history, whereas just over one third (35.2%) does so only if the patient is attempting pregnancy. Fewer than one in seven physicians (13.5%) always inquire about CF when taking a family history, though just over a third (36.4%) asks about family history of CF if the patient is attempting pregnancy. Almost half (45.3%) never specifically asks about family history of CF. ObGyns were more likely than Gyn Onlys to ask about family history of CF if the patient is attempting pregnancy (38.4% vs. 23.5%; 2 ϭ 8.57; P ϭ 0.036). Physicians who had completed their residency more recently (Յ 15.38 years, the mean years since completion) were less likely than more experienced physicians (Ͼ 15.38 years since residency) to say they always ask about family history of CF (10.1% vs. 17.2%) but are more likely to do so if the patient is attempting pregnancy (42.6% vs. 29.6%; 2 ϭ 12.48; P ϭ 0.002).
Providing information about CF
Slightly less than one-half (46.5%) of the physicians said they do not routinely provide their patients with information regarding CF and CF screening; only 6.3% of physicians said they always provide information, and 38.4% said they do so if the patient is attempting pregnancy.
Offering carrier screening
When physicians were asked if they offer CF carrier screening to their nonpregnant patients, fewer than one in seven (13.1%) physicians offer carrier screening to all nonpregnant patients, and almost one in five (19.2%) never offer CF screening. The remaining 67.7% (417) of physicians selected one or more possible scenarios in which they offer carrier screening, with patient request the most frequently selected option, followed by a family history of CF, and having a reproductive partner who has CF or is a known carrier. Only a quarter of the physicians selecting scenarios offered screening based on patient ethnicity, and only 18% selected the options that encompassed the criteria for offering screening in the published guidelines. See Table 2 . ObGyns were less likely than Gyn Onlys to say they never offer CF carrier screening (17.3% vs. 30.6%; 2 ϭ 8.43; P ϭ 0.004). It is important to note here that this survey question was in a "check all that apply" format rather than a forced-choice/ yes-no format. As such, it should not be concluded, for example, that 20% of practitioners would refuse testing even if the patient requested it, but only that 80% indicated that they would offer testing if requested. It is quite possible that many physicians may not have checked the response option "Yes, if she requests it" because they have never had a nonpregnant patient request it, not because they would actually refuse such a request. Similarly, for those who do not check "If she has a family history of CF," it may be because they do not know if she has a family history of CF, not because they would not offer it in this higher-risk situation; such an explanation is quite probable, given that a very similar proportion (Ϸ45%) of physicians does not ask about a family history of CF.
Practice patterns: Pregnant patients
A similar set of questions was asked regarding screening practices with pregnant patients. Responses were limited to the 86.6% of physicians who are ObGyns and thus see pregnant patients. The vast majority of ObGyns (88.7%) said they routinely ask their pregnant patients if she or her partner has a family history of CF, and 86.6% said they provide information regarding CF screening. Almost two thirds (65.8%) of ObGyns said they offer carrier screening to all of their pregnant patients, and only 2.2% said they never offer CF carrier screening. The remaining 32% of ObGyns selected one or more of four possible situations in which they would offer screening. Of the 32%, patient request was the most commonly selected response (67.1%), followed by a family history of CF (61.8%), partner has CF or is a known carrier (51.2%), and patient ethnicity (46.7%). Only 27.4% selected all of the options that encompassed the criteria in the published guidelines. See Table 3 , Pregnant Patients. Italicized values are percents of subjects within the "some situations" category, who checked one or more of options 1-4.
Because the stage of gestation at the time of first visit may influence the rate at which ObGyns offer CF screening, we asked for an estimate of the percentage of patients in their practice who have a prenatal visit before 16 weeks gestation. ObGyns estimated that more than one in ten (11.36 Ϯ 0.56%; median ϭ 8%) of their prenatal patients start prenatal care after 16 weeks of pregnancy Almost two thirds (64.3%) of ObGyns said they would offer to screen the patient's reproductive partner when confronted with a positive CF screening result in their pregnant patient, and the other third (35.3%) said they would refer her to a genetic counselor/program. Just over a third (37.2%) of ObGyns who responded personally perform amniocentesis. Of those who do not, 87.8% said that such services could be obtained on-site or within the community. Neither years since residency nor tendency to offer screening differed between those who performed amniocentesis and those who did not.
ObGyns' screening practices with nonpregnant patients were compared to their practices with pregnant patients. ObGyns were more likely to ask a pregnant patient than a gynecological patient about a family history of CF, provide information about CF, and to offer screening to all patients. See Table 3 .
Opinions about screening
ObGyns were asked to rate on a 5-point scale how much of a concern (1 ϭ not a concern to 5 ϭ a big concern) they thought several issues were to physicians regarding carrier screening. Over three quarters (77.2%) of ObGyns rated liability from not offering screening as more than a moderate concern. Over one-half rated physician's confidence in their ability to interpret or deal with a positive screening test and physician's familiarity with genetics/CF as more than a moderate concern (see Table 4 ). Unreimbursed time spent on patient education for CF screening and the rationale for screening for a chronic disease received the lowest concern ratings. On this set of issues, years since completing residency was a significant factor in both liability and test interpretation. ObGyns who had been in practice longer than 15.38 years rated both liability and test interpretation as more of a concern than did less experienced physicians.
DISCUSSION
Offering CF screening in the reproductive health care setting was debated ever since the ⌬F508 mutation was identified. The prospect of population screening for CF presented a number of complex issues. The selection of mutations to include in a screening panel, the sensitivity of testing in various racial and Italicized values are percents of subjects within the "some situations" category, who checked one or more of options 1-4. a "Yes" for gynecological patients is the sum of any yes situation (e.g., always, only if attempting pregnancy). Table 4 Percent of ObGyns who rated the following factors as more than a Moderate Concern Rationale for screening for a chronic disease 37.2 a P ϭ 0.003, b P ϭ 0.042: ObGyns who had been in residency longer rated both items as more of a concern than less experienced residents.
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September/October 2004 ⅐ Vol. 6 ⅐ No. 5 ethnic groups and the limitations inherent in applying information regarding mutations identified in a population with the disease to the general population has been extensively considered and reviewed. 1,2,9,10 In addition, there were a number of concerns regarding how physicians might implement these recommendations, how patients would accept screening for a chronic disease with variable severity, and whether sufficient genetic services would be available to deal with patients needing counseling. 9, 11, 12 Our survey, two years after ACOG/ ACMG issued the guidelines for CF carrier screening, attempted to explore some of these issues.
We were interested in the implementation of CF screening in the care of gynecological patients because experience in the clinical research setting indicated that patient interest in CF screening was low before conception. 3 Barriers identified in other studies include problems reaching the patients, limited public knowledge of CF, and absence of preconception genetic counseling settings. 13 Close to half of couples invited to participate in a preconception CF carrier screening program failed to respond due to disinterest or lack of time. 14 Patients who participated were satisfied with screening but none of the carriers changed their reproductive plans. 15 It is also possible that physicians may not be fully aware or may not convey information regarding options available to carrier couples such as donor gametes, or preimplantation genetic diagnosis.
Despite this experience it was recommended that screening should be offered to couples planning a pregnancy because preconception screening affords patients the widest range of options to avoid or reduce the risk of having a child with CF. This was described as couples seeking preconception evaluation or fertility care. 2 It is reasonable to expect less implementation and lower uptake of CF screening in gynecologic practice. Of concern is that 30.6% of Gyn Onlys never offer screening. It is possible that some portion of this group deals primarily with patients beyond the reproductive age. However, it is likely that the majority care for some patients who may become pregnant in the future. It should also be noted that the majority of Gyn Onlys who offer screening use selective criteria and only a low percentage offer CF screening to all patients (13.1%). Not unexpectedly, patient request was the most frequently selected reason for offering screening. Selection based on all of the criteria described in the guidelines were only uniformly applied by 18% of the Gyn Onlys. Of note, ObGyns, who are more likely to offer screening to prenatal patients, were also found to more frequently ask about family history and to offer screening in the gynecologic practice setting, particularly to those patients who express interest in becoming pregnant.
The vast majority of ObGyns ask their pregnant patients about a family history of CF and provide information about CF carrier screening to their patients. Although a significant number of ObGyns indicated more than moderate concern over their ability to interpret a positive result, this does not appear to deter them from offering CF screening. This high frequency of offering screening during pregnancy may reflect a combination of their heightened concern for a healthy outcome once a pregnancy is confirmed, use of prenatal medical record forms that prompt them to inquire about family history of specific genetic disorders, familiarity with carrier screening for other genetic disorders in specific ethnic populations, or greater patient interest in screening during pregnancy.
Notably, the majority of ObGyns are not identifying pregnant patients at risk for having a child with CF based on ethnicity and race and two-thirds of ObGyns offer CF screening to all of their pregnant patients. Of the third who use the selective criteria, only 46.7% selected ethnicity as an indication to offer screening, and the majority failed to select all of the recommended criteria for offering screening. There are several possible explanations for this practice. Of most concern is that the criteria for offering screening may be confusing or too complex. The guidelines distinguish between "offering" screening and "making it available." The latter designation encompasses those patients who do not have CF or a history of CF, and are in an ethnic/racial group that has a relatively low risk of having a child with CF and in whom the test is less sensitive. In these patients, "making it available" requires that the patient request the test, but after the physician has provided her with adequate educational materials to make an informed decision. Physicians may also have difficulty assigning a patient to a particular ethnic group or they may simply find it more practical to offer screening to all patients. As the majority of all ObGyns (77.2%) rated liability from not offering carrier screening as one of the major concerns regarding CF screening, it is also possible that the practice of offering testing to all pregnant patients relates to concern about potential liability for not offering screening to a patient who may subsequently have a child with CF irrespective of the level of risk or the sensitivity of screening in her racial or ethnic group.
ObGyns estimated that the majority of their patients present for prenatal care before 16 weeks gestation so it is unlikely that this substantially affects the rate of offering screening. Over 50% of ObGyns indicated that they are moderately concerned about their ability to interpret a positive result and feel unfamiliar with genetics and CF. This was increased among ObGyns who are more remote from training. Nevertheless, based on their responses it appears that the follow-up of patients with a positive screening test is appropriate. The majority of ObGyns offer to screen the partner when the patient is identified as a carrier of a CF mutation, whereas one-third refer to a genetic counselor or genetics program. Prenatal diagnosis is either available with the ObGyn or at a genetic program on site or nearby. Access to genetic services, a concern before the development of the guidelines, does not appear to be a limiting factor.
It is reasonable to expect that the publication of new guidelines will require some period of time to be incorporated in practice. Furthermore, experience in clinical practice may guide revisions of guidelines or development of additional educational materials for providers or patients. Such efforts might result in improved implementation. The results of our survey indicate that the ACOG/ACMG clinical and laboratory guidelines have substantially altered practice during the first two years after they were published. The low frequency of offering CF screening in gynecological practice may point to the need for additional education of physicians regarding circumstances in which this would be appropriate. It is also possible that the lack of interest in preconception screening among patients is driving physician practice. We believe that further consideration should be given to the issues surrounding preconception CF carrier screening and that either revision and/or focused education should be considered. In contrast, the vast majority of ObGyns have incorporated CF carrier screening into their obstetric practice. However, many are unaware of selection criteria for offering screening and have adopted an approach of offering screening to all patients. We believe that this suggests that complexity of future guidelines for genetic screening should be minimized. Similarly, concerns of the ObGyns about their lack of familiarity with genetics and CF suggest a need for focused continuing education.
